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Description 



[SEMICONDUCTOR STRUCTURE AND 
FABRICATION THEREFOR] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention generally relates to a semiconduc- 
tor structure and fabrication therefor. More particularly, 
the present invention relates to a semiconductor structure 
having a dielectric material. 

[0003] Description of Related Art 

[0004] Recently, in the development of semiconductor process, 
the size of the component is minimized to sub-micron 
level. Therefore, in order to reduce the retardation time 
(RC time delay) of the transmission of the metal line, con- 
ducting wire made of the copper (Cu) is used instead of 
the aluminum (Al) because the resistance of copper is 
lower than that of the aluminum. In addition, the use of 
low dielectric constant (low-k) material for achieving high 



operating speed is also known. In general, the conven- 
tional low dielectric constant (low-k) material may be 
classified into spin on coating low-k material and chemi- 
cal vapor deposition (CVD) low-k material by the deposi- 
tion method. However, the conventional low dielectric 
constant (low-k) material may be classified into inorganic 
low-k material, organic low-k material and inorganic/or- 
ganic combined low-k material by the component of the 
material. 

[0005] Hereinafter, the conventional dual damascene structure 
will be illustrated and described. FIG. 1 is a cross-sec- 
tional view schematically illustrating a conventional dual 
damascene structure. Referring to FIG. 1, the conventional 
dual damascene structure 100 includes a substrate 102, a 
first dielectric layer 104, a first hardmask layer 108, a via 
106, a second dielectric layer 110, a second hardmask 
layer 114 and a trench 112. In general, since the dielectric 
constant of the organic dielectric material is lower than 
that of the inorganic dielectric material, the organic di- 
electric layer is advantageously applied. In addition, the 
process of using the organic dielectric material is different 
from the process of using the inorganic dielectric mate- 
rial. For example, generally the characteristic and property 



of etching of the low-k organic dielectric material are 
similar to that of the photoresist layer, i.e., the etch selec- 
tivity is poor. Therefore, in the manufacturing process, 
before the photoresist layer is formed, a hardmask layer 
such as a metal layer an inter-metal compound layer is 
formed to serve as an etching mask for the subsequent 
steps. However since the surface property of the organic 
dielectric material and that of the hardmask layer are dif- 
ferent, defects are easily generated during the formation 
of the hardmask layer. 

[0006] | n addition, the surface of the low-k organic dielectric 
layer is generally hydrophobic. Therefore, when a wet 
process is performed to the surface of the low-k organic 
dielectric layer, water marks are easily formed on the sur- 
face thereof. In other words, the surface of the low-k or- 
ganic dielectric layer is not suitable for wet process. 

[0007] Moreover, during the etching of the low-k organic dielec- 
tric layer, polymer residues are easily generated that 
would deposit on the edge of the wafer. The residues will 
adversely influence the subsequent process. 

[0008] Accordingly, a semiconductor process capable of reducing 
the defects and reducing formation of water marks on the 
low-k dielectric material is highly desirable. Further, a 



process of easily removing the polymer residues from the 

edge of the wafer is also highly desirable. 
Summary of Invention 

[0009] Therefore, the present invention is directed to a semicon- 
ductor process of reducing generation of defects and wa- 
ter marks on a surface of the dielectric layer. The afore- 
mentioned process allows removal residues deposited on 
the edge of the wafer. 

[0010] | n addition, the present invention is directed to a semi- 
conductor structure comprising a dielectric material hav- 
ing reduced defects and water marks, and reduced 
residues on the edge of the wafer. 

[0011] According to an embodiment of the present invention, 
first, a substrate is provided. Next, a dielectric layer is 
formed over the substrate. Next, a hydrophilic material 
layer is formed over the dielectric layer. Thereafter, a 
hardmask layer is formed over the hydrophilic material 
layer. 

[0012] | n one embodiment of the invention, after the hydrophilic 
material layer is formed over the dielectric layer and be- 
fore the hardmask layer is formed over the hydrophilic 
material layer, a planarization step is carried to polish on 
an edge of the substrate, the dielectric layer, the hy- 



drophilic material layer or a combination thereof. In an- 
other embodiment of the invention, the planarization pro- 
cess comprises at least one of an upper bevel polish, a 
lower bevel polish, a side polish or a combination thereof. 

[0013] | n one embodiment of the invention, a method of forming 
the dielectric layer comprises a spin on coating method or 
a chemical vapor deposition method. 

[0014] in one embodiment of the invention, a material of the di- 
electric layer comprises an organic dielectric material, a 
carbon-containing dielectric material or a carbon- 
containing oxide material. In another embodiment of the 
invention, the dielectric layer is composed of at least a 
precursor comprising tetramethyl-cyclotetra-siloxane 
(TMCTS), trimethyl-silane (3MS), tetramethyl-silane (4MS), 
dimethyl-dimethoxy-silane (DMDMOS), octamethyl-cy- 
clotetra-siloxane (OMCTS), diethoxy-methyl-silane 
(DEMS), or tetramethyl-disiloxane (TMDSO). 

[0015] in one embodiment of the invention, a material of the hy- 
drophilic material layer comprises silane (SiH 4 > containing 
material, tetraethyl-ortho-silicate (TEOS) oxide contain- 
ing material or silicon nitride. 

[0016] in one embodiment of the invention, a material of the 

hardmask layer comprises aluminum (Al), titanium nitride, 



tantalum nitride, titanium silicon nitride (TiSiN), tungsten 
nitride, tungsten silicon nitride (WSiN) or refractory ni- 
tride. 

[0017] | n addition, the present invention provides a semiconduc- 
tor structure. The structure comprises, for example but 
not limited to, a substrate, a dielectric layer disposed over 
the substrate, a hydrophilic material layer disposed over 
the dielectric layer, and a hardmask layer, disposed over 
the hydrophilic material layer. 

[0018] | n 0 ne embodiment of the invention, after the hydrophilic 
material layer is disposed over the dielectric layer and be- 
fore the hardmask layer is disposed over the hydrophilic 
material layer, a planarizing step is carried out to polish 
an edge of the semiconductor structure. 

[0019] in one embodiment of the invention, a method of forming 
the dielectric layer comprises a spin on coating method or 
a chemical vapor deposition method. 

[0020] in one embodiment of the invention, a material of the di- 
electric layer comprises an organic dielectric material, a 
carbon-containing dielectric material or a carbon- 
containing oxide material. In another embodiment of the 
invention, the dielectric layer is composed of at least a 
precursor comprising tetramethyl-cyclotetra-siloxane 



(TMCTS), trimethyl-silane (3MS), tetramethyl-silane (4MS), 
dimethyl-dimethoxy-silane (DMDMOS), octamethyl-cy- 
clotetra-siloxane (OMCTS), diethoxy-methyl-silane 
(DEMS), or tetramethyl-disiloxane (TMDSO). 
[0021] | n one embodiment of the invention, a material of the hy- 
drophilic material layer comprises silane (SiH ) containing 

4 

material, tetraethyl-ortho-silicate (TEOS) oxide contain- 
ing material or silicon nitride. 
[0022] | n one embodiment of the invention, a material of the 

hardmask layer comprises aluminum (Al), titanium nitride, 
tantalum nitride, titanium silicon nitride (TiSiN), tungsten 
nitride, tungsten silicon nitride (WSiN) or refractory ni- 
tride. 

[0023] Moreover, the present invention provides a semiconductor 
structure. The structure comprises, for example but not 
limited to, a substrate, a first dielectric layer disposed 
over the substrate, a first hydrophilic material layer dis- 
posed over the first dielectric layer, a first hardmask layer 
disposed over the first hydrophilic material layer, a second 
dielectric layer disposed over the first hardmask layer, a 
second hydrophilic material layer disposed over the sec- 
ond dielectric layer, and a second hardmask layer dis- 
posed over the second hydrophilic material layer. 



[0024] | n one embodiment of the invention, a via is disposed in 
the first dielectric layer, the first hydrophilic material layer 
and the first hardmask layer. In another embodiment of 
the invention, a trench is formed in the second dielectric 
layer over the via, wherein the trench exposes the via. In 
one another embodiment of the invention, a metal is dis- 
posed in the via and the trench. 

[0025] | n 0 ne embodiment of the invention, after the first hy- 
drophilic material layer is disposed over the first dielectric 
layer and before the first hardmask layer is disposed over 
the first hydrophilic material layer, a planarizing step is 
carried out to polish an edge of the structure of semicon- 
ductor. In another embodiment of the invention, after the 
second hydrophilic material layer is disposed over the 
second dielectric layer and before the second hardmask 
layer is disposed over the second hydrophilic material 
layer, a planarizing step is carried out to polish an edge of 
the structure of semiconductor. 

[0026] in one embodiment of the invention, a method of forming 
the first dielectric layer or the second dielectric layer com- 
prises a spin on coating method or a chemical vapor de- 
position method. 

[0027] in one embodiment of the invention, a material of the first 



dielectric layer or a material of the second dielectric layer 
comprises an organic dielectric material, a carbon- 
containing dielectric material or a carbon-containing ox- 
ide material. In another embodiment of the invention, the 
first dielectric layer or the second dielectric layer is com- 
posed of at least a precursor comprising tetramethyl-cy- 
clotetra-siloxane (TMCTS), trimethyl-silane (3MS), tetram- 
ethyl-silane (4MS), dimethyl-dimethoxy-silane 
(DMDMOS), octamethyl-cyclotetra-siloxane (OMCTS), di- 
ethoxy-methyl-silane (DEMS), or tetramethyl-disiloxane 
(TMDSO). 

[0028] | n one embodiment of the invention, a material of the first 
hydrophilic material layer or a material of the second hy- 
drophilic material comprises silane (SiH 4 ) containing ma- 
terial, tetraethyl-ortho-silicate (TEOS) oxide containing 
material or silicon nitride. 

[0029] | n 0 ne embodiment of the invention, a material of the first 
hardmask layer or a material of the second hardmask 
layer comprises aluminum (Al), titanium nitride, tantalum 
nitride, titanium silicon nitride (TiSiN), tungsten nitride, 
tungsten silicon nitride (WSiN) or refractory nitride. 

[0030] Accordingly, in the present invention, since a hydrophilic 
material layer is formed over the dielectric layer, to the 



possibility of formation water marks on the surface of the 
hydrophilic material layer can be effectively reduced. 
Therefore, in the present invention, a wet process, for ex- 
ample but not limited to, a planarization step may per- 
formed on the dielectric layer or the hydrophilic material 
layer. Thus, the conventional problem of generation of 
water marks on the surface of the surface of the dielectric 
layer and the residuals on the edge of the wafer can be 
effectively reduced. In addition, since the surface property 
of the hydrophilic material layer and the hardmask layer 
are similar, generation of defects during the formation of 
the hardmask layer can be effectively reduced. In sum- 
mary, the present invention is directed to a semiconductor 
structure and a process there-for in which generation of 
defects and water marks can be substantially reduced, and 
allows effective removal of the residuals from the edges of 
the semiconductor structure. 
[0031] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0032] The accompanying drawings are included to provide a 



further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0033] FIG. 1 is a cross-sectional view schematically illustrating a 
conventional dual damascene structure. 

[0034] FIG. 2A to FIG. 2C are cross-sectional views schematically 
illustrating a manufacturing process of a semiconductor 
structure according to one embodiment of the present in- 
vention. 

[0035] FIG. 3 is a cross-sectional view illustrating a planarization 
process of the edge of the wafer according to one embod- 
iment of the present invention. 

[0036] FIG. 4 is a cross-sectional view schematically illustrating a 
single damascene structure according to one embodiment 
of the present invention. 

[0037] FIG. 5 is a cross-sectional view schematically illustrating a 

dual damascene structure according to one embodiment 

of the present invention. 
Detailed Description 



[0038] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 



in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 
[0039] FIG. 2A to FIG. 2C are cross-sectional views schematically 
illustrating a manufacturing process of a semiconductor 
structure according to one embodiment of the present in- 
vention. Referring to FIG. 2A, in the present invention, 
first of all, a substrate 202 is provided, wherein the sub- 
strate can be composed of any suitable material. There- 
after, a dielectric layer 204 is formed over the substrate 
202. In another embodiment of the present invention, the 
range of the dielectric constant of the dielectric layer 
204is not limited, i.e., the dielectric layer 204 of the 
present invention may have any value of dielectric con- 
stant. The material of the dielectric layer 204 comprises, 
for example but not limited to, an organic dielectric mate- 
rial, a carbon-containing dielectric material or a carbon- 
containing oxide material. In another embodiment of the 



present invention, the dielectric layer is composed of a 
precursor comprising, for example but not limited to, 
tetramethyl-cyclotetra-siloxane (TMCTS), trimethyl-silane 
(3MS), tetramethyl-silane (4MS), dimethyl- 
dimethoxy-silane (DMDMOS), octamethyl-cyclote- 
tra-siloxane (OMCTS), diethoxy-methyl-silane (DEMS), or 
tetramethyl-disiloxane (TMDSO). In one embodiment of 
the present invention, the method of forming the dielec- 
tric layer 204 comprises, for example but not limited to, a 
spin on coating method or a chemical vapor deposition 
(CVD) method. 

[0040] Thereafter, referring to FIG. 2A, a hydrophilic material 
layer 206 is formed over the dielectric layer 204. In one 
embodiment of the present invention, the material of the 
hydrophilic material layer 206 comprises silane (SiH 4 ) 
containing material, tetraethyl-ortho-silicate (TEOS) ox- 
ide containing material or silicon nitride. The method of 
forming the hydrophilic material layer 206 comprises, for 
example but not limited to, a spin on coating method or a 
chemical vapor deposition (CVD) method. 

[0041] | n general, when the dielectric layer 204 or the hydrophilic 
material layer 206 is formed, residuals easily adhere on 
the edge of the wafer as shown in FIG. 2A due to, for ex- 



ample, the organic polymer residues generated during the 
etching of the organic dielectric layer 204. Therefore, in 
one embodiment of the present invention, a portion of the 
substrate 202, the dielectric layer 204 or the hydrophilic 
material layer 206 having residuals on the edge thereof is 
polished. 

[0042] FIG. 3 is a cross-sectional view illustrating a planarization 
process of the edge of the wafer according to one embod- 
iment of the present invention. Referring to FIG. 3, first of 
all, the semiconductor structure 200 formed in the pro- 
cess shown in FIG. 2A is fixed on the rotation plate 302 
by, for example, vacuum suction. Thereafter, an upper 
bevel pad 304, a lower bevel pad 306 or a side portion 
pad 308 is provided to polish the edge of the semicon- 
ductor structure 200. In the planarization process, the 
nozzle 310 injects the slurry to the surface of the semi- 
conductor structure 200. In addition, the upper bevel pad 
304, the lower bevel pad 306 or the top portion pas 308 
may move along the direction indicated by the arrows A, 
B, and C shown in FIG. 3 to polish the edge of the semi- 
conductor structure 200. Moreover, the angle between the 
surface of the edge of the semiconductor structure 200 
and the surface of the upper bevel pad 304, the lower 



bevel pad 306 or a top portion pad 308 may also be 
changed. Therefore, the fabrication of the semiconductor 
structure 200a comprising, for example but not limited to, 
polished substrate 202a, a dielectric layer 204a and a hy- 
drophilic material layer 206a as shown in FIG. 2B is com- 
pleted. 

[0043] Next, referring to FIG. 2C, a hardmask layer 208 is formed 
over the polished hydrophilic material layer 206a. In one 
embodiment of the present invention, the material of the 
hardmask layer 208 comprises, for example but not lim- 
ited to, aluminum (Al), titanium nitride, tantalum nitride, 
titanium silicon nitride (TiSiN), tungsten nitride, tungsten 
silicon nitride (WSiN) or refractory nitride. 

[0044] Referring to FIG. 2C, the present invention provides a 
semiconductor structure 200b comprising, for example 
but not limited to, a substrate 202a, a dielectric layer 
204a, a hydrophilic material layer 206a and a hardmask 
layer 208. In one embodiment of the invention, the hy- 
drophilic material layer is formed over the dielectric layer 
and e the hardmask layer is formed over the hydrophilic 
material layer, wherein the edges of the substrate, the di- 
electric layer or the hydrophilic material layer are pol- 
ished. 



[0045] Accordingly, in the present invention, since a hydrophilic 
material layer is formed over the dielectric layer, to the 
possibility of formation of water marks on the surface of 
the hydrophilic material layer can be effectively reduced. 
Accordingly, a wet process, for example but not limited 
to, a polishing process may be performed on the dielectric 
layer or the hydrophilic material layer. Thus, the conven- 
tional problem of generation of water marks on the sur- 
face of the surface of the dielectric layer, and the residuals 
deposited on the edge of the wafer can be effectively re- 
duced. In addition, since the surface property of the hy- 
drophilic material layer and the hardmask layer is similar, 
generation of defects during the formation of the hard- 
mask layer can be effectively reduced. In summary, the 
present invention is directed to a semiconductor structure 
and a process there-for generation of defects and water 
marks on the dielectric layer can be effectively reduced, 
and the residuals due to organic polymer residues gener- 
ated during the etching of the organic dielectric layer can 
be easily removed. 

[0046] | n addition, it should be noted that the present invention 
can be applicable to any semiconductor process for fabri- 
cating any semiconductor structure including a dielectric 



layer, and therefore the present invention should not be 
limited to the embodiments described above. For example 
but not limited to, in the fabrication of conventional single 
damascene structure or dual damascene structure, or can 
be suitably applied in the via-first process, the trench- 
first process, or the self-aligned process of the dual dam- 
ascene structure. 
[0047] FIG. 4 is a cross-sectional view schematically illustrating a 
single damascene structure according to one embodiment 
of the present invention. Referring to FIG. 4, the single 
damascene structure 400 comprises, for example but not 
limited to, a substrate 402, a dielectric layer 404 disposed 
over the substrate 402, a hydrophilic material layer 406 
disposed over the dielectric layer 404, and a hardmask 
layer 408 disposed over the hydrophilic material layer 
406. It is noted that a via 410 or a trench 410 may be 
formed in the dielectric layer 404, the hydrophilic material 
layer 406 and the hardmask layer 408. In one embodi- 
ment of the present invention, after the hydrophilic mate- 
rial layer 406 is disposed over the dielectric layer 404 and 
before the hardmask layer 408 is disposed over the hy- 
drophilic material layer 406, the edge of the substrate 
402, the dielectric layer 404 or the hydrophilic material 



layer 406 may be polished. In one embodiment of the in- 
vention, the material, the property of the substrate 402, 
the dielectric layer 404, the hydrophilic material layer 406 
or the hardmask layer 408 and the method of fabrication 
thereof are similar to the embodiments described above 
and the detail description thereof will not be repeated 
again. 

[0048] FIG. 5 is a cross-sectional view schematically illustrating a 
dual damascene structure according to one embodiment 
of the present invention. Referring to FIG. 5, the dual 
damascene structure 500 comprises, for example but not 
limited to, a substrate 502, a first dielectric layer 504 dis- 
posed over the substrate 502, a first hydrophilic material 
layer 506 disposed over the first dielectric layer 504, a 
first hardmask layer 508 disposed over the first hy- 
drophilic material layer 506, a second dielectric layer 510 
disposed over the first hardmask layer 508, a second hy- 
drophilic material layer 512 disposed over the second di- 
electric layer 510, and a second hardmask layer 514 dis- 
posed over the second hydrophilic material layer 512. A 
via 516 is formed in the first dielectric layer 504, the first 
hydrophilic material layer 506 and the first hardmask 
layer 508. A trench 518 is formed in the second dielectric 



layer 510, the second hydrophilic material layer 512 and 
the second hardmask layer 514. In one embodiment of 
the present invention, after the first hydrophilic material 
layer 506 is disposed over the first dielectric layer 504 
and before the first hardmask layer 508 is disposed over 
the first hydrophilic material layer, the edge of the dual 
damascene structure 500 may be polished. In addition, 
after the second hydrophilic material layer 512 is dis- 
posed over the second dielectric layer 510 and before the 
second hardmask layer 514 is disposed over the second 
hydrophilic material layer 512, the edge of the dual dam- 
ascene structure 500 may be polished. In one embodi- 
ment of the present invention, the material, the property 
of each layer of the dual damascene structure 500 and the 
process of fabrication thereof are similar to the embodi- 
ments described above and therefore will not be repeated 
again. 

[0049] | n one embodiment of the present invention, the method 
of forming the damascene structure 500 shown in FIG. 5 
comprises, for example but not limited to, a via-first 
method, a trench-first method, or a self-aligned method. 

[0050] Accordingly, in the present invention, since a hydrophilic 
material layer is formed over the dielectric layer, to the 



possibility of formation water marks on the surface of the 
hydrophilic material layer can be effectively reduced. 
Therefore, a wet process, for example but not limited to, a 
polish step may be performed on the dielectric layer or 
the hydrophilic material layer. Thus, the conventional 
problem of formation of water marks on the surface of the 
surface of the dielectric layer can be effectively reduced, 
and the residuals on the edge of the wafer can be effec- 
tively removed. In addition, since the surface property of 
the hydrophilic material layer and the hardmask layer is 
similar, generation defects during the formation of the 
hardmask layer can be effectively reduced. In summary, 
the present invention is directed a semiconductor struc- 
ture and a fabrication method therefor capable of reduc- 
ing formation of defects and water marks, and allows easy 
removal of the residues from the edges of the semicon- 
ductor structure. 
[0051] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 



scope of the following claims and their equivalents. 



